1) India plays a central role in dugong conservation by hosting the largest population within south Asia. Current knowledge on status of Indian dugongs is limited due to paucity of reliable ecological data. This study generates mitochondrial control region sequences from about 10% of dugong population from major dugong populations within India. These data was compared with the global data to assess genetic lineages, population structure and genetic diversity of Indian populations.
INTRODUCTION
Dugong (Dugong dugon (Müller)) or sea cow is the only strictly marine herbivore species of the order Sirenia. Historically, dugongs were distributed across the tropical and subtropical regions of the Indo-Pacific Ocean, inhabiting shallow coastal waters ranging from east coast of Africa to western Pacific Ocean (Marsh, Penrose, Eros & Hugues, 2002) . Currently classified as 'vulnerable' by the IUCN Red List, their distribution is restricted to Australia, parts of southeast
MATERIALS AND METHODS

Permits
The permission to carry out fieldwork and genetic sampling of dugongs was provided by the Ministry of Environment, Forest and Climate Change, Government of India (CAMPA Authority letter number: 13-28(01)/2015-CAMPA). Due to non-destructive sampling approach used in this study, no ethical committee approvals were needed.
Sample collection
Given low population size of dugongs in the Indian subcontinent (<200 individuals), fragmented distribution along the coastal region and rare live sightings (Sivakumar, 2013) , it was logistically difficult to conduct systematic sampling of biological material. Hence, most of the sampling was opportunistically conducted from dead stranded dugongs from coastal areas of Gulf of Mannar, Palk Bay, Gulf of Kachchh and Andaman & Nicobar Islands. All samples were stored in ethanol at the field sites and later shipped to Wildlife Institute of India for storage at -20°C until further analysis. In addition to opportunistic sampling, historical samples (bone scrapings) were collected with associated geo-location information from State Forest Departments' collections.
The details of the samples and their geographical sampling location are provided in Supplementary Table 1 .
DNA extraction, marker selection and PCR amplification
Total genomic DNA was isolated from all fresh tissue samples using standard protocols mentioned in DNeasy blood and tissue kit (Qiagen, Germany). However, for poor quality museum samples, a modified protocol was used to extract DNA (Mondol, Brufford & RamaKrishnan, 2013) . In brief, all samples were cut into small pieces, washed with EDTA and macerated into tiny fragments. The fragments were then completely digested with 40 µl proteinase K for two days, followed by DNA extraction using DNeasy blood and tissue kit (Qiagen, Germany). For museum samples, extractions were carried out in a space dedicated to low quality DNA samples where no earlier dugong DNA extraction has been conducted.
Negative controls were included for every batch of extractions to monitor any possible contamination.
We used a universal mammalian primer (A24- Kocher et al., 1989 ) and dugong-specific primers A58, A77 and A80 (Tikel, 1997) to amplify the mitochondrial DNA (mtDNA) control region from dugong samples. Post-temperature standardizations of these primers, PCR reactions were performed in 10 µl volume with 5 µl Qiagen multiplex PCR mixture (Qiagen, Germany), 0.2 mg/ml Bovine Serum Albumin (BSA), 0.5µM primer mixture and 2µl (2-40 ng/µl concentration) of DNA. PCR conditions included an initial denaturation of 96°C for 15 minutes, followed by 35 cycles of denaturation (96°C for 30 s), annealing (45°C for 30 s) and extension (72°C for 60 s); followed by final extension (72°C for 10 min). During all amplifications, PCR positive and negative controls were included to monitor any possible contamination.
However, it was challenging to amplify the above-mentioned markers in poor quality/degraded bone samples collected in the study. We designed primers to amplify small amplicon sizes from dugong DNA. All published whole mtDNA sequences were downloaded from GenBank with Accession numbers AY075116.1, AJ421723.1, NC003314.1 and were aligned with the sequences generated from tissue samples collected in this study using MEGA v.6.0 (Tamura, Stecher, Peterson, Filipski & Kumar, 2013). Conserved regions within the sequences were visually identified and primers were designed to amplify <250 bp amplicon size to ensure high amplification success from degraded samples. Post-temperature standardization and validation with tissue samples, bone DNA was amplified in 10 µl reaction mixture with 5 µl Qiagen multiplex PCR buffer, 0.2 mg/ml BSA, 0.5µM primer and 2µl of DNA. PCR conditions included an initial denaturation of 96°C for 15 minutes, followed by 40 cycles of denaturation (96°C for 30 s), annealing (50°C for 60 s) and extension (72°C for 90 s); followed by a final extension (72°C for 10 min). During all amplifications, positive extraction control and PCR negative controls were included to monitor any possible contamination. The amplicon sizes of newly designed primers ranged between 140 -243 bps (see Supplementary Table 2 and Supplementary   Figure 1 for more details on primers).
All amplified products were cleaned using Exonuclease-Shrimp Alkaline Phosphatase (GE Healthcare, USA) mixture and sequenced bi-directionally using ABI 3510xl Genetic Analyzer (Applied Biosystems Inc., USA). Sequences were aligned using MEGA v.6.0 (Tamura, Stecher, Peterson, Filipski & Kumar, 2013) and analyzed for missense or frame-shift mutations, possibly arising from sequencing errors. All sequences were then visually examined, matched against GenBank sequences and deposited in GenBank (Accession numbers: MK986797-MK986817).
Data Analyses
Data analyses were performed independently on two dataset alignments:
A) Global dugong alignment of 537 sequences (309 bp) consisting of Indian dugong sequences generated in this study (n=21) and sequences downloaded from GenBank (n=516) from previously published studies (Haile, 2008 
Genetic lineage and phylogeography
The genetic lineage of Indian dugongs' vis-à-vis global dugong populations and genetic structure within Indian populations was determined using three different approaches: a) Genetic structure was estimated using Bayesian Analysis of Population Structure (BAPS) v 6.0. (Corander, Marttinen, Sirén & Tang, 2008) to identify the population clusters within both the global dugong alignment and Indian dugong alignment datasets. Models using spatial clustering of groups followed by admixture analysis were implemented in the program, with K values set between 1 to 15. Each value of K was then analyzed using 500 iterations and 100 burn-ins for each referenced individual per population. b) Median joining haplotype networkwas constructed using program PopArt v 1.7 (Leigh & Bryant, 2015) to assess the genetic lineage within the global dugong alignment as well as for the Indian dugong alignment datasets. Haplotype network calculations were carried for both analyses by assigning equal weights to all the variable sites. c) Phylogenetic relationship of dugong populations was assessed only for the global dugong alignment. The best fit nucleotide substitution and partition schemes for the DNA dataset were selected using the Akaike Information Criterion (AIC; Akaike, 1974) implemented in program jModelTest (Posada, 2008 
Genetic differentiation among global dugong populations
Pairwise genetic differentiation values (F ST ) were computed in program Arlequin v 3.5 (Excoffier & Lischer, 2010) for global dugong alignment between the dugong population groups derived from multiple structure analysis. Statistical significance was considered with p-values < 0.05 between all the pairs of populations after Bonferroni correction for multiple tests.
Genetic diversity estimates, differentiation and demography of Indian dugongs
Genetic diversity estimates including number of haplotypes (H), total number of polymorphic sites (S), nucleotide diversity (π) and haplotype diversity (h) were calculated for the Indian dugong dataset (n=21, 789 bp sequence) using program Arlequin v 3.5 (Excoffier & Lischer, 2010 ). Tajima's D (Tajima, 1989), Fu's F S (Fu, 1997) and R2 (Ramos-Onsins & Rozas, 2002) statistics and associated significance values were inferred using Arlequin v 3.5 (Excoffier & Lischer, 2010) and DnaSP v 6.12 (Rozas et al., 2017) to test for demographic signatures. 
RESULTS
Phylogeography and genetic differentiation in dugongs
The Bayesian clustering, phylogeographic and phylogenetic analyses of the global dugong dataset revealed five major genetic clusters corresponding to a) three clusters grouped in the While reporting our results, we now use the same nomenclature (Pacific, southeast Asia, south Asia, northwest Indian Ocean and southwest Indian Ocean) in this paper. In total, 76 haplotypes were identified from 537 dugong sequences (Supplementary Table 3 ). Highest numbers of unique haplotypes were identified from Pacific region (n = 39) followed by southeast Asia (n =20), south Asia (n=8), northwest Indian Ocean (n=6) and southwest Indian Ocean (n=2). Only two haplotypes were shared between these regions; one between Pacific, southeast Asia and south Asia and; another between Pacific, south Asia, northwest Indian Ocean and southwest Indian Ocean (Figure 2 and Supplementary Table 3 ).
The network and phylogenetic analyses indicate a strong phylogeographic structure and divergent mtDNA lineages among different dugong genetic clusters. The genetic differentiation (pairwise F ST value) ranged between 0.09-0.66 across different regions (Table 1) , indicating variable genetic connectivity among regions. Within each of the dugong distribution regions, relatively high haplotypic diversity (h ± SD) was found in south Asia (0.87 ± 0.03), southeast Asia (0.84 ± 0.03) and Pacific (0.81 ± 0.01) in comparison to the southwest Indian ocean (0.49 ± 0.1) and northwest Indian ocean (0.35±0.11) regions. Overall nucleotide diversity (π ±SD) was considerably lower for all regions ranging from 0.01 ± 0.004to 0.02 ±0.01signifying low intraregional variations ( Table 2 ).
Genetic lineage, diversity and demography of Indian dugongs
All three different analytical approaches with the global dugong dataset (n=537, 309 bp sequence) confirm that the Indian dugongs belong to the south Asia-northwest India Oceansouthwest Indian Ocean genetic cluster with unique divergent mtDNA haplotypes. We identified a total of seven unique Indian haplotypes within the south Asia region, where two of them were shared with Sri Lanka (Figure 1 and Supplementary Table 3 ). One haplotype sampled from Andaman and Nicobar Islands was also observed within southeast genetic cluster ( Figure 2 ).
We generated a longer 789 bp sequence for the Indian dugong samples collected in this study (n=21). A total of eight unique haplotypes were identified from these samples (Figure 3 and Supplementary Table 4 ). Palk bay, Gulf of Kachchh and Andaman & Nicobar Islands samples showed two haplotypes each, whereas Gulf of Mannar showed four haplotypes. One haplotype was shared between Gulf of Mannar, Palk bay and Gulf of Kachchh. Overall, three haplotypes were unique to Gulf of Mannar, two were unique to Andaman & Nicobar Islands and one each for Gulf of Kachchh and Palk bay, respectively (Supplementary Table 4 ). Mean haplotype diversity (h) and nucleotide diversity (π) was 0.85±0.04 and 0.005±0.001, respectively (Table 3) .
Our Bayesian clustering analyses (BAPS) indicated three genetic signatures in the sampled areas.
Gulf of Mannar has two clusters: one shared with Palk Bay and Andamans whereas the other one shared with Gulf of Kachchh ( Figure 3 ). One sample from Andamans was genetically unique.
These three areas were genetically differentiated at significant level, with F ST values ranging between 0.1-0.64 (Table 4 ). Further, AMOVA results showed higher within-population variance (63.41%) than among populations (36.59%), indicating population structure within the Indian dugongs (see Table 5 ). (Table 3) .
DISCUSSION
This study provides the most exhaustive description of genetic groups of dugong at a global scale till date, and first in-depth investigation of genetic diversity and structure of Indian dugong populations. Given that our sampling represents ∼10% of the available population estimates of dugongs from India (Sivakumar, 2013) , the results are crucial for their conservation at regional Bushell, 2013), suggesting that longer sequence data is required to assess genetic variation at regional/global scale. Finally, it is important to point out that our Indian dugong data shows contrasting patterns of population differentiation, where we found shared haplotypes among the sampled areas but high F ST values. Further, the AMOVA analyses indicated signatures of within population structures. We feel that these contrasting patterns probably arise from low sample size from each areas and short sequences (less polymorphic sites) leading to the effects of genetic drift. Further efforts through intensive sampling and more genetic data would clarify these genetic patterns in Indian dugong populations.
Similarly, our demography analyses with mtDNA show contrasting (but non-significant) signals across the sampled area, thus could not be used to deduce population growth or decline. While mitochondrial DNA has been used to assess demographic pattern (for example see Mizuno Evolution, 14 (7) , 717-724.
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